Background. Recent evidence showed that Helicobacter pylori seropositivity is a risk factor for gastric and several other cancers. However, evidence on H. pylori infection and risk of lung cancer has been controversial, with a limited number of underpowered studies. We therefore examined the association between H. pylori infection and risk of lung cancer. Methods. A comprehensive literature search was performed using PubMed, EMBASE (until October 2012) for studies investigating an association between Helicobacter pylori (H. pylori) infection and risk of lung cancer. Pooled odds ratio (OR) was calculated using random-effects model. Subgroup and sensitivity analysis were also done. Results. A total of seven studies (6 case-control and 1 cohort study) were included for the analysis. There was a significant heterogeneity among the studies, but no publication bias was observed. We found that H. pylori infection was associated with significantly increased risk of lung cancer (pooled OR, 2.29 (95% CI, 1.34-3.91) P = 0.01). Conclusions. Our meta-analysis suggests a significant increased risk of lung cancer in patients with H. pylori infection. Further research is needed to confirm these findings and to identify the underlying biological mechanisms.
Introduction
Lung cancer is the second most common cancer in both men and women. Most recent estimates of American Cancer Society reflect 160,340 deaths due to lung cancer (87,750 in men and 72,590 in women), accounting for about 28% of all cancer deaths in United States [1] .
Helicobacter pylori (H. pylori) is one of the most common bacterial infections of humans affecting approximately 50% of the world's population [2] . This Gram-negative bacterium infects the human gastric mucosa and causes long-term colonization and inflammation. In a subpopulation of infected individuals, long-term inflammation results in peptic ulcer disease and gastric malignancy [3] . Recent evidence showed that H. pylori seropositivity is also a risk factor for gastric [4] , colorectal [5] , pancreas [6] , and hepatobiliary cancers [7, 8] . An increased seroprevalence was also found in various respiratory diseases like chronic bronchitis [9] , asthma [10] , and pulmonary tuberculosis [11] .
However, evidence on H. pylori infection and risk of lung cancer has been controversial, with a limited number of underpowered studies that report result of increased risk [12] [13] [14] , decreased risk [15] , or no association [3, 16, 17] between the H. pylori infection and risk of lung cancer. This issue was discussed in previously conducted meta-analysis that analyzed the risk of lung cancer due to H. pylori infection by including 4 underpowered case-control studies published between 2000 and 2007 [18] . They concluded that there is an increased risk of lung cancer by 3.26 times due to H. pylori infection (confidence interval was wider to give consolidate conclusion). However, three more studies (1 case-control and 2 large prospective studies) evaluating the association between H. pylori infection and lung cancer were published after 2007 [3, 12, 15] . In this updated meta-analysis, we examined the association between H. pylori infection and risk of lung cancer.
Materials and Methods

Literature Search.
A comprehensive literature search was performed using PubMed, EMBASE, covering all published papers until October 2012 with a combination of the following keywords: lung cancer, Helicobacter pylori, H. pylori,
Lung Cancer International
Campylobacter pylori, and peptic ulcer disease with limits; humans and English.
The author evaluated potentially associated publications by checking their titles and abstracts and then procured the most relevant publications for a closer examination. Bibliographies section of retrieved articles was also reviewed for additional pertinent studies that possibly were missed in the initial search.
Inclusion and Exclusion
Criteria. Studies were included if (1) it is an observational study; (2) its objective of interest is assessing the association of H. pylori infection with lung cancer risk; (3) it mentions the method of lung cancer diagnoses and sources of cases and controls; (4) it mentions the sample size and effect estimates.
Articles were excluded if they were reviews, letters to the editor without original data, editorials, and case reports. The paper were also excluded if no effect estimates were reported or not enough raw data for an odds ratio to be calculated. We reviewed all papers in accordance with the criteria defined above for further analysis.
Data Extraction.
Full text of probable studies was retrieved and reviewed to assess the appropriateness for inclusion in the present meta-analysis. The following data were extracted from each study: (a) first author's last name, year of publication, and country of the population studied; (b) study design; (c) number of lung cancer cases; (d) number of H. pylori infected patients; (e) incidence rates or effect estimate with 95% confidence interval; (f) source of study population; (g) lung cancer and H. pylori infection assessment.
Quality Assessment.
The quality of each included study was assessed by using the Newcastle-Ottawa Scale (NOS) [19] . The NOS assigns a maximum of four points for selection: two points for comparability and three points for exposure/outcome. Therefore, studies of the highest and medium quality reflect 9 and 7 or 8 points, respectively. Any discrepancies were addressed by a joint revaluation of the original article with a third author.
Data Synthesis and Analysis.
The primary measure was odds ratio (OR) of lung cancer, calculated using the random-effects model (DerSimonian and Laird method), which accounts for heterogeneity among studies. To assess heterogeneity among the studies, we used the Cochran Q and 2 statistics; for the Q statistic, a value <0.10 was considered statistically significant for heterogeneity; for 2 , a value >50% is considered a measure of severe heterogeneity [20] .
Prespecified subgroup analysis was performed to assess the source of heterogeneity, according to (a) study design, (b) histology of lung cancer, (c) quality scale (NOS), and (iv) studies before and after the Zhuo et al. [18] analysis. To assess the robustness of the association, we also performed sensitivity analysis by excluding the outliers. The publication bias was assessed using funnel plot and Begg and Mazumdar adjusted rank correlation test [21, 22] . All statistical tests were two-sided, and < 0.05 was considered statistically significant, except where otherwise specified. Data were analysed using Comprehensive Meta-Analysis software. The present work was performed as per the guidelines proposed by the Meta-analysis of Observational Studies in Epidemiology group [23] and Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Checklist S1 in the supplementary material available online at http://dx.doi.org/10.1155/2013/131869).
Results
Search results were shown in Figure 1 .
Study Characteristics.
Seven relevant studies were identified including 5 case-control and 2 prospective (1 nested case-control [3] and 1 cohort [15] ) studies involving a total of 16,244 lung cancer cases and 1,707 H. pylori infection patients. These studies were published between 2000 and 2007. The follow-up period for the cohort study was about 10 years. All studies assessed the H. pylori infection by Enzyme-LinkedImmuno sorbent Assay. Five studies histologically confirmed lung cancer [13] [14] [15] [16] [17] , whereas one study assessed by checking the health register [3] . Only one study reported the subtype of lung cancer based on histology (lung adenocarcinoma and squamous cell carcinoma) [3] . Characteristics of the included studies are presented in Table 1 .
Quality Assessment Results
. When the quality of the included studies was assessed, 1 high [3] , 4 medium [14] [15] [16] [17] , and 2 low, quality studies were found [12, 13] (Table 1) . Cohort study had a NOS score of 7. With regard to casecontrol studies, only one study had NOS score of 9. Together case-control studies have an average NOS score of 8.4.
Main Analysis.
Because a significant heterogeneity was found ( heterogeneity < 0.01, 2 = 83.9%), random-effects model was chosen over a fixed-effect model. We found that H. pylori infection was associated with significantly increased risk of lung cancer (pooled OR, 2.29 (95% CI, 1.34-3.91) = 0.01). The ORs of lung cancer for each study and all studies combined are shown in Figure 2 . Visual examination of the funnel plot revealed minimal asymmetry (Figure 3) , further confirmed by Begg's test ( = 0.22) indicating little or no publication bias in our analysis.
Sensitivity Analysis.
Sensitivity analysis showed a significant variation in pooled OR from 2.29 to 1.88 (95% CI, 1.14-3.18) after removing the study by Ece et al. [13] , (this study had significantly wider confidence interval compared to all other studies). However, the estimated effect size did not deviate much by excluding any of the other studies one at a time (OR between 2.06-2.68) (Supplemental Figure 1) .
Subgroup Analysis.
Results of subgroup analysis were shown in Table 2 . We found a significant positive association Lung Cancer International 3 between H. pylori infection and risk of lung cancer in both case-control studies (OR 2.28 (95% CI, 1.19-4.39)) and one cohort study (OR 2.63 (95% CI, 1.95-3.55)). There is no significance in association according to study design. Zhuo et al. [18] reported an OR 3.11 (95% CI, 1.07-9.04) by pooling four studies.Three studies were published after the Zhuo et al. meta-analysis. Pooled OR of these three studies is 1.87 (95% CI, 0.93-3.37). There is a significant difference between the studies published before and after the Zhuo et al. [18] meta-analysis. Only one study reported subtype of lung cancer based on histology that showed risk of 1.1 (95% CI, 0.75-1.6) for lung adenocarcinoma and 1.1 (95% CI, 0.77-1.7) for lung squamous cell carcinoma. There was one study with high quality which showed OR 1.09 (95% CI, 0.85-1.41) [3] . Four medium quality studies showed OR 2.12 (95% CI, 1.24-3.61) [14] [15] [16] [17] . [13] is the one of the included studies which has wider confidence interval. c Zhuo et al. [18] is the recent meta-analysis done on this subject. d Quality of-included studies was assessed using Newcastle-Ottawa Scale.
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Discussion
The present updated pooled analysis of 7 studies currently available showed that patients with H. pylori infection were associated with an estimated 2.3 times increased risk of developing lung cancer as compared with those without H. pylori infection. Present analysis included three large sample studies when compared to the previous meta-analysis [18] . as the major component of the cell wall. Lipopolysaccharide stimulates the production of proinflammatory cytokines including interleukins and tumor necrosis factor-alpha [24] . This leads to chronic inflammation and immune stimulation, which may contribute to carcinogenesis [9, 25, 26] . (ii) The lungs arise embryological from the same endoderm cells that form the lining of the gastrointestinal tract and possess similar neuroendocrine and paracrine cells releasing various hormonal peptides and their receptors including gastrinreleasing peptide and gastrin [27] . It is a well-known fact that H. pylori infection in the stomach markedly enhances and prolongs the release of gastrin [14] . Gocyk et al. showed that gastric H. pylori infection in lung cancer patients is accompanied by a significant increase in gastrin plasma and bronchial lavage levels as well as by increased mRNA expression for gastrin and its receptors, as well as for Cyclo oxygenase-1 (COX-1) and COX-2 in the tumor tissue [14] . Gastrin could contribute to lung cancer by inducing higher mucosal cell proliferation of bronchial epithelium to atrophy and induction of COX-2.
We found no significant difference between the cohort and case-control studies, though there was only one cohort study. Three studies published after Zhuo et al. showed a nonsignificant increased risk (OR, 1.87 (0.93-3.37)) of lung cancer in H. pylori infected patients [3, 12, 15] . These three studies had a larger sample size than the reported earlier studies; this leaves us to a dilemma that there may be no probable association between H. pylori infection and lung cancer. Koshiol et al. in a large case-control study showed no association between H. pylori infection and risk of lung adenocarcinoma (OR, 1.1 (0.75-1.6)) and also lung squamous cell carcinoma (OR, 1.1 (0.77-1.7)) [3] .
The strength of the present meta-analysis lies in inclusion of 7 observational studies reporting data on 16,244 lung cancer cases and 1,707 H. pylori patients. Our meta-analysis has several limitations. First, most of the included studies are underpowered with less number of study subjects. Secondly only one study has reported confounder adjustment like smoking, which is one of the potential risk factors of lung cancer. Other limitations include not searching for unpublished studies for original data. Finally, our analysis was restricted to articles in the English language.
In summary, our results suggest a significant increased risk of lung cancer in patients with H. pylori infection. However, the result should be cautiously interpreted due to the inclusion of underpowered studies. Further large prospective studies are needed to address the association of H. pylori infection and lung cancer and its subtypes according to histology.
